To examine the efficacy and safety of once-weekly dulaglutide 0.75 mg monotherapy compared with once-daily liraglutide 0.9 mg in Japanese patients with type 2 diabetes (T2D) for 52 weeks.
Introduction
The initiation of incretin-related therapy by dipeptidyl peptidase-4 (DPP-4) inhibitor and glucagon-like peptide-1 (GLP-1) receptor agonists has changed the treatment strategy for type 2 diabetes (T2D) over the past 5 years. Native GLP-1 is released from intestinal L-cells in response to the ingestion of food, and mediates glucose metabolism by stimulating glucose-dependent insulin secretion, inhibiting glucagon secretion and slowing gastric emptying. DPP-4 inhibitors increase native GLP-1 by inhibiting degradation; however, GLP-1 receptor agonists directly stimulate GLP-1 receptors, which results in a different treatment profile (e.g. less weight gain, less hypoglycaemia and occurrence of gastrointestinal adverse events) from those of other diabetic treatment options such as sulphonylureas and insulin. In addition to the conventional treatments, GLP-1 receptor agonists have been established as one of the optimum injectable therapies for patients with T2D. GLP-1 receptor agonists may be categorized as short-acting (twice-daily exenatide [1] and lixisenatide [2] ) or long-acting (liraglutide [3] , exenatide once-weekly [4] , albiglutide [5] and dulaglutide [6] [7] [8] ). Short-and long-acting GLP-1 receptor agonists have different profiles and allow clinicians to provide optimum treatment in response to individual patients' diabetic profiles [9] . In addition, the different pharmacokinetic profiles among the GLP-1 receptor agonists influence the frequency and dosage of administration, which allow further options for customization to patients' adherence and preferences [10, 11] .
Among short-acting GLP-1 receptor agonists, a recent head-to-head study of once-daily lixisenatide versus twice-daily exenatide found no statistically significant differences in glycated haemoglobin (HbA1c) reduction over 24 weeks, despite the different dosing regimens [12] ; however, exenatide twice-daily has not shown non-inferiority to once-daily liraglutide, a long-acting GLP-1 receptor agonist [13] . Among the long-acting receptor agonists, exenatide once-weekly and albiglutide were also not non-inferior to liraglutide [14, 15] . Dulaglutide is a once-weekly GLP-1 receptor agonist; in global phase III trials in patients with T2D, dulaglutide 1.5 mg once-weekly resulted in a statistically significant reduction in HbA1c from baseline compared with metformin, sitagliptin, insulin glargine and exenatide twice-daily, with sustained effects on fasting and postprandial blood glucose (BG) levels [16] [17] [18] [19] . Dulaglutide 1.5 mg was also non-inferior to liraglutide 1.8 mg at 26 weeks in the AWARD-6 study, which was the first study to show non-inferiority of any GLP-1 receptor agonist comparator to liraglutide [20] .
In the primary results of this study at 26 weeks, dulaglutide 0.75 mg was non-inferior to liraglutide 0.9 mg and superior to placebo in HbA1c reduction [least squares (LS) mean differences for dulaglutide -liraglutide and for dulaglutide -placebo were −0.10 and −1.57%, respectively], and 71% of dulaglutide-treated patients achieved the HbA1c target of <7.0% [21] . The dulaglutide dosage in Japan was half of the maximum dose approved in the USA and the European Union [6] [7] [8] and the liraglutide dosage in Japan (0.9 mg) was also half of the maximum dose approved in the USA and the European Union (1.8 mg) [3] . In a randomized, double-blind study of once-weekly dulaglutide 0.75 mg versus once-daily insulin glargine in Japanese patients with T2D treated with sulphonylureas and/or biguanides, dulaglutide was superior to insulin glargine at 26 weeks (LS mean difference in HbA1c, −0.54%), and 71% of dulaglutide-treated patients achieved the HbA1c target of <7.0% [22] .
This study assessed the efficacy and safety of once-weekly dulaglutide 0.75 mg for 52 weeks compared with once-daily liraglutide 0.9 mg, the highest available liraglutide dose in Japan, both as monotherapy. This was the first study of dulaglutide compared with liraglutide for 52 weeks.
Materials and Methods

Study Design and Patients
This was a phase III, randomized, 52-week (26-week primary endpoint), active-and placebo-controlled trial examining the efficacy and safety of once-weekly dulaglutide monotherapy in Japanese patients with T2D who had discontinued oral antidiabetic medication (OAM) monotherapy or were OAM-naïve. This study was a registration trial that was conducted in accordance with the Guideline for Clinical Evaluation of Oral Hypoglycemic Agents in Japan [23] . This guideline states that 24 weeks is the ideal length of treatment for a phase III, randomized, double-blind, monotherapy study comparing a new OAM under development with a marketed comparator (control); therefore, 26 weeks was chosen as the primary evaluation time point for this study. An additional 26 weeks of treatment was added to the study to collect further safety and efficacy data. During the first 26 weeks of the study, participants and investigators were blinded to treatment assignment for dulaglutide and placebo but not for liraglutide (open-label comparator). At 26 weeks, patients in the placebo group were switched to once-weekly dulaglutide for the remainder of the 52-week controlled study. In this paper, 'dulaglutide-treated patients' or 'the dulaglutide group' refer only to patients randomized to dulaglutide treatment for the entire 52-week treatment period. At the completion of participation or early discontinuation, all patients were required to participate in a 30-day safety follow-up period.
Data were collected at 33 Japanese sites from April 2012 to May 2014. During the 2-week screening period, patients were screened for eligibility and then entered a 2-week lead-in period for OAM-naïve patients or an 8-week wash-out period for patients on OAM monotherapy. The study was registered at ClinicalTrials.gov (NCT01558271).
The trial design and study population details have been previously reported [21] . Eligible Japanese patients were men or women aged ≥20 years who were OAM-naïve (diet and exercise only) or had discontinued OAM monotherapy (excluding thiazolidinedione). Furthermore, eligible patients had a body mass index (BMI) between 18.5 and 35.0 kg/m 2 and HbA1c levels between 7.0 and 10.0%, confirmed at randomization.
Subcutaneous dulaglutide injections were initiated at the full dose. Subcutaneous liraglutide injections were uptitrated from 0.3 mg/day during week 1 to 0.6 mg/day during week 2 and 0.9 mg/day starting at week 3, according to the Japanese label.
Patients not tolerating study treatment were to be discontinued from the study drug but remain in the study to collect safety data.
A common protocol was approved at each site by an institutional review board, and the study was performed in accordance with the principles of the Declaration of Helsinki and Good Clinical Practice [24] . Each patient provided written informed consent before participation.
Study Endpoints and Assessments
The primary objective of the study was to demonstrate superiority of once-weekly dulaglutide versus placebo on HbA1c change from baseline at 26 weeks, as previously reported [21] . Secondary objectives at 52 weeks evaluated change from baseline in HbA1c, the proportions of patients who achieved HbA1c targets (<7.0 or ≤6.5%), changes in fasting serum glucose (FSG) from baseline, changes in seven-point self-monitored BG (SMBG) profiles from baseline, changes in body weight from baseline, updated homoeostasis model assessment of -cell function (HOMA2-% ) and updated homoeostasis model assessment of insulin sensitivity (HOMA2-%S). SMBG profiles were collected over 2 non-consecutive days within 2 weeks of baseline and at weeks 14, 26 and 52. Safety assessments included adverse events, hypoglycaemia, vital signs (pulse rate and blood pressure), ECGs, laboratory variables and dulaglutide antidrug antibodies. All patients were tested for the development of dulaglutide antidrug antibodies. Hypoglycaemia was defined as a BG concentration of ≤3.9 mmol/l and/or symptoms and/or signs attributable to hypoglycaemia. Severe hypoglycaemia was defined as an episode requiring the assistance of another person to actively administer therapy [25] . Patients were allowed to initiate rescue therapy for severe, persistent hyperglycaemia according to predefined thresholds for fasting BG for at least 2 weeks with no readily identifiable cause.
Cardiovascular adverse events and pancreatitis were adjudicated by separate independent, external committees, using prespecified criteria, study evidence and clinical knowledge and experience.
This paper presents results through the full 52 weeks of treatment for only the dulaglutide and liraglutide treatment groups, with the addition of relevant safety findings in patients receiving placebo/dulaglutide.
Statistical Analyses
The definitions of the analysis populations (full analysis set and safety analysis set) were previously reported [21] . The sample size of the study was calculated based on the comparisons at week 26 [21] . The sample size of at least 490 randomized patients was selected to provide > 99% power to demonstrate superiority of dulaglutide to placebo. This assumed a true mean difference in HbA1c change from baseline between dulaglutide and placebo of 0.8%, a common standard deviation of 1.1%, a one-sided significance level of 0.025, and a 9% drop-out rate between randomization and week 26. Moreover, assuming no difference between dulaglutide and liraglutide, the given sample size provided at least 90% power to confirm non-inferiority of dulaglutide to liraglutide with a margin of 0.4%. Analyses at the 52-week endpoint compared only dulaglutide with liraglutide. The primary efficacy analysis of the study was the comparison at week 26, and no adjustments for multiplicity were performed for the results at week 52.
Analyses for continuous variables such as HbA1c used a mixed model for repeated measures. Seven-point SMBG profiles and vital signs were analysed using an analysis of covariance (ancova) model. The mixed model for repeated measures and ancova models used at week 52 were the same as previously reported [21] . For categorical measurements such as the proportions of patients with HbA1c <7.0 or ≤6.5% at week 52 (LOCF), Cochran-Mantel-Haenszel tests stratified by prestudy therapy and baseline BMI were performed. For other categorical measurements, such as treatment-emergent adverse events, Fisher's exact tests were performed.
Results
Patients
Figure 1 summarizes study disposition: 281 and 141 patients were randomized to treatment with dulaglutide or liraglutide, respectively; of these, 280 and 137 patients were treated with dulaglutide or liraglutide, respectively. Of the patients randomized to dulaglutide or liraglutide, a total of 387 patients (263 in the dulaglutide group, 124 in the liraglutide group) remained Figure 1 . Study disposition. Patients were randomized to dulaglutide or liraglutide in a 2 : 1 ratio. N, number of patients. *Includes a patient who was discontinued from the study because of a serious adverse event, rectal cancer, which was diagnosed after treatment was interrupted. Because the event began after treatment ended it is not included in the serious adverse events in Table 2 or listed in Table S2 . Figure 3A) . In OAM-naïve patients (previously on diet therapy only), the LS mean (s.e.) changes from baseline in HbA1c at week 52 were −1.45% (0.07) in the dulaglutide group (n = 186) and −1.21% (0.10) in the liraglutide group (n = 88). In patients previously treated with OAM, the LS mean (s.e.) changes from baseline in HbA1c were −1.35% (0.09) in the dulaglutide group (n = 94) and −1.26% (0.13) in the liraglutide group (n = 47). Figure 3B ).
Reductions from baseline in FSG were similar in both treatment groups at week 52 ( Figure 2B ). The LS mean (s.e.) changes from baseline in FSG at week 52 were −2.16 mmol/l (0.10) and −2.06 mmol/l (0.14) for dulaglutide and liraglutide, respectively ( Figure 3C ). Treatment with dulaglutide significantly decreased the following seven-point SMBG profile values from baseline at week 52 (LOCF) compared with liraglutide: pre-and post-dinner BG levels, mean of the seven-point SMBG profiles, mean of all postprandial BG levels, and circadian variation (daily circadian variation was calculated as the difference between maximum and minimum BG values collected on a particular day; Table S1 ). Figure 3D plots mean (s.e.) seven-point SMBG profiles at baseline and week 52 (LOCF).
No clinically significant changes from baseline in body weight were observed in either treatment group ( Figure 2C) . At week 52, the LS mean changes were −0.17 and −0.13 kg for dulaglutide and liraglutide, respectively, and the treatment difference was not statistically significant.
Treatment in both groups significantly increased HOMA2-% (based on fasting insulin) from baseline to week 52 (LOCF; p < 0.001); the treatment difference was not significant ( Figure S1A ). Treatment with dulaglutide significantly decreased HOMA2-%S (based on fasting insulin) from baseline to week 52 (LOCF; p < 0.001); the treatment difference was not significant ( Figure S1B ). Table 2 summarizes treatment-emergent adverse events, including the most frequently reported treatment-emergent adverse events. No deaths were reported during the treatment period. The incidences of serious adverse events and treatment-emergent adverse events were similar between the groups (Tables 2 and S2 ). Of the events occurring in ≥ 5% of patients in either group, only decreased appetite was significantly different between the dulaglutide and liraglutide groups [dulaglutide, two patients (0.7%); liraglutide, eight patients (5.8%); p = 0.003]. One patient, in the dulaglutide group, reported severe constipation; all other treatment-emergent gastrointestinal adverse events were considered of mild or moderate intensity. The percentages of patients in each group who discontinued the study because of an adverse event were 1.8 and 2.9% for dulaglutide and liraglutide, respectively (Table 2) . One dulaglutide-treated and four liraglutide-treated patients discontinued the study drug because of treatment-emergent gastrointestinal adverse events.
Safety
Eight dulaglutide-treated (2.9%) and four liraglutide-treated (2.9%) patients experienced at least one episode of hypoglycaemia; no cases of severe hypoglycaemia were reported. A total of three patients [dulaglutide, two patients (0.7%); liraglutide, one patient (0.7%)] experienced nocturnal hypoglycaemia.
Pancreatic enzymes (amylase and lipase) at week 52 are summarized in Table 2 . Treatment with liraglutide significantly increased lipase compared with dulaglutide (median increases 9.0 U/l vs 6.0 U/l, respectively; p < 0.001). Changes from baseline in amylase were not significantly different between the treatments. In both treatment groups, 7.3% of patients had treatment-emergent postbaseline amylase values above the upper limit of normal (ULN). The percentages of patients with treatment-emergent postbaseline lipase values above the ULN were dulaglutide, 26.4% and liraglutide, 36.4%. One dulaglutide-treated patient and no liraglutide-treated patients experienced amylase values >3 × ULN. Five dulaglutide-treated patients and two liraglutide-treated patients, as well as one patient who received placebo for 26 weeks and dulaglutide for 26 weeks, experienced a lipase value >3 × ULN. No cases of pancreatitis were confirmed by adjudication. Two patients were diagnosed with pancreatic carcinoma: a 65-year-old man who was treated with placebo and dulaglutide for a total of 52 weeks (diagnosis occurred during the follow-up period after completion of the treatment period) and a 67-year-old woman who was treated with liraglutide for approximately 15 weeks.
All patients had calcitonin values within normal limits. No confirmed adjudicated cardiovascular events were observed. The mean changes from baseline in seated vital signs and ECG PR interval are shown in Table 2 . Treatment with liraglutide resulted in a mean decrease from baseline in seated systolic blood pressure at 52 weeks (LOCF), whereas treatment with dulaglutide resulted in a mean increase from baseline, and the difference was significant (p = 0.007). Liraglutide significantly increased seated pulse rate from baseline at week 52 (LOCF) compared with dulaglutide (p = 0.036). ECG PR interval increases from baseline were similar in both groups (dulaglutide, 2.81 ms; liraglutide, 3.71 ms).
At 52 weeks, renal marker urine albumin/creatinine ratio was decreased from baseline in both treatment groups; the difference was not statistically significant (Table S3) . Treatment with dulaglutide statistically significantly decreased serum total cholesterol and triglycerides from baseline at 52 weeks; treatment with liraglutide also significantly decreased total cholesterol, and the differences between dulaglutide and liraglutide were not statistically significant for either variable (Table S4) .
Three dulaglutide-and no liraglutide-treated patients had treatment-emergent dulaglutide antidrug antibodies (Table 2 ). HbA1c values at baseline and week 52 in the three patients who developed dulaglutide antidrug antibodies during the study were 8.0 and 7.0%, 7.8 and 6.7%, and 7.6 and 6.4%, respectively, and no adverse events of clinical interest were observed in these patients. Based on these results, it did not appear that the development of antidrug antibodies during dulaglutide treatment affected efficacy or safety. Few patients experienced injection site reactions (dulaglutide, 4.6%; liraglutide, 5.1%) or allergic and hypersensitivity reactions (dulaglutide, 0.4%; liraglutide, 2.2%).
Discussion
It was previously reported that dulaglutide was non-inferior to liraglutide at 26 weeks in this study: LS mean (s.e.) changes from baseline in HbA1c at 26 weeks were dulaglutide, −1.43% (0.05) and liraglutide, −1.33% (0.07); the LS mean difference was −0.10%, and the 95% CI for the difference was (−0.27, 0.07%) [21] . At 52 weeks, dulaglutide statistically significantly reduced HbA1c from baseline compared with liraglutide: LS mean (s.e.) changes were −1.39% (0.06) for dulaglutide and −1.19% (0.08) for liraglutide, and the LS mean difference (95% CI) for the difference was −0.20% (−0.39, −0.01%); p = 0.040. This was the first study of a GLP-1 receptor agonist to show a statistically significant improvement in HbA1c compared with liraglutide. The reduction curves of HbA1c for dulaglutide and liraglutide were similar up to 26 weeks; from 26 to 52 weeks, mean HbA1c values in the dulaglutide group were stable, whereas those in the liraglutide group slightly increased. There was no interaction effect of treatment (dulaglutide or liraglutide) and previous OAM treatment (yes or no) on HbA1c reduction in this study; dulaglutide and liraglutide were equally effective regardless of previous OAM usage. Liraglutide was also equally effective regardless of previous OAM usage in a previous phase III study of liraglutide monotherapy in Japan [26] . There were no statistically significant differences between dulaglutide and liraglutide in reductions from baseline in FSG at any time point (weeks 14, 26, 38 or 52); however, the LS mean decrease from baseline in the mean of the seven-point SMBG profiles with dulaglutide was significantly greater than that with liraglutide at week 52 (LOCF). In addition, dulaglutide significantly lowered the mean of all postprandial BG levels and the pre-and post-dinner BG levels compared with liraglutide at week 52 (LOCF). The LS mean decrease in the circadian variation from the seven-point SMBG profiles in the dulaglutide group was also significantly greater compared with the liraglutide group. Taken together, these results indicate that dulaglutide may have a more sustained, less fluctuating, and more desirable effect on BG control, with reduction of postprandial BG levels compared with liraglutide.
Mean body weight at 52 weeks was largely unchanged from baseline in the dulaglutide and liraglutide groups, and the treatment difference was not statistically significant. Also, based on another phase III dulaglutide study in Japan, body weight changes with dulaglutide may be dependent on concomitant therapies; biguanides and -glucosidase inhibitors with dulaglutide may tend to reduce body weight, whereas concomitant therapy with thiazolidinediones, sulphonylureas or glinides may result in stable body weight or body weight gain [27] .
In the present study, long-term once-weekly administration of dulaglutide 0.75 mg in Japanese patients with T2D was generally well tolerated. The incidence of treatment-emergent adverse events up to 52 weeks was also not significantly different between dulaglutide and liraglutide. Gastrointestinal adverse events were among the most commonly reported treatment-emergent adverse events in both groups and occurred at similar rates in both groups. Nausea was mainly observed in the first 2 weeks after starting dulaglutide (data not shown). The incidence of decreased appetite through 52 weeks in the dulaglutide group was significantly lower than in the liraglutide group.
The incidence of hypoglycaemia through 52 weeks was low in both treatment groups, consistent with monotherapy in the GLP-1 receptor agonist class [26, 28] . No severe hypoglycaemia was observed in either treatment group during the treatment period.
In a 26-week study of dulaglutide using ambulatory blood pressure monitoring, treatment with dulaglutide 0.75 mg resulted in a mean reduction of 1.6 mmHg in 24-h systolic blood pressure [29] ; however, in this study, small mean increases from baseline in seated systolic blood pressure were observed in the dulaglutide group at 26 and 52 weeks (0.62 and 1.45 mmHg, respectively) [21] . These results also differ slightly from other studies of GLP-1 receptor agonists in Japan, which showed no changes or decreases from baseline in systolic blood pressure [26, 30] . Changes in seated systolic blood pressure in previous studies of dulaglutide 0.75 mg in Japan have varied. In a 26-week study in combination with sulphonylureas and/or biguanides the mean change was 0.4 mmHg [22] , and in a 52-week study in combination with a single OAM, mean changes across the five treatment groups ranged from −2.1 to Table S2 . †Data are least-squares mean change (s.e.). ‡Data are last observation carried forward. §Denominator is patients with enzyme level ≤ ULN at baseline and a postbaseline measurement. ¶These values include all postbaseline observations including the safety follow-up.
1.0 mmHg [27] . In this study, a statistically significant increase in pulse rate was observed in the liraglutide group at 52 weeks compared with the dulaglutide group. There were no clinically significant safety concerns in ECG PR interval in either group. At week 52 (LOCF), statistically significant increases from baseline were observed in serum amylase and lipase levels in both treatment groups. The median increase in lipase in the dulaglutide group was significantly smaller than the increase in the liraglutide group; this result was similar to that seen in the global phase III AWARD-6 study [20] . The timing of increased lipase values varied and did not appear predictable; furthermore, increases in lipase were not sustained (data not shown) and did not predict pancreatitis. There were no confirmed cases of pancreatitis.
Although dulaglutide and placebo were blinded during the first 26 weeks of this study, the open-label administration of liraglutide (necessary because placebo for liraglutide was not commercially available) during the entire 52-week study and of dulaglutide during the extension phase may have affected physicians' and patients' behaviour. The dulaglutide and liraglutide treatment groups in study AWARD-6 were also unblinded [20] .
The length of the present study was relatively short in view of the required chronic treatment of patients with T2D; however, this is the longest study to date comparing liraglutide and a once-weekly GLP-1 receptor agonist.
In conclusion, monotherapy with once-weekly dulaglutide 0.75 mg was effective and well tolerated in Japanese patients with T2D, with better glycaemic control compared with once-daily liraglutide 0.9 mg over 52 weeks.
Supporting Information
Additional Supporting Information may be found in the online version of this article: Figure S1 . Updated homoeostasis model assessment changes from baseline at week 52 (LOCF). Table S1 . Summary of least squares (±standard error) mean changes from baseline in self-monitored blood glucose (mmol/l) values (LOCF at week 52). Table S2 . Summary of serious adverse events by preferred term and treatment for the treatment period from baseline to 52 weeks. Table S3 . Summary and analysis of renal analytes: median baseline values and median changes from baseline to 52 weeks (LOCF). Table S4 . Summary and analysis of lipid profiles: median baseline values and median absolute and percent changes from baseline to 52 weeks (LOCF).
